found to be more vulnerable to infection irrespective of the habitats of the host fish, though the differences were little.
INTRODUCTION
The hilsa shad, Tenualosa ilisha is an anadromous fish available in all the major rivers such as the Padma, Meghna, Jamuna, Shibsa, Bishkhali and Payra of Bangladesh almost throughout the year (Haldar and Rahman 1998) . Hilsa migrates towards freshwater during spawning season which commence with the start of southwest monsoons. This seasonal migration may have some effects on its parasites burden.
There may be several factors responsible for temporal (seasonal) fluctuations in parasite infection. Granath and Esch (1983a,b,c) studied parasite prevalence and intensities and observed that parasite recruitment and development can be affected by seasonal changes in water temperatures. Chubb (1979 , 1980 and Bhuiyan 1982 added that the availability of infected intermediate hosts as a contributing factor in seasonal fluctuation of parasite infection.
Information on seasonal prevalence, intensity and maturation of fish parasites in tropical environment is scanty. Taxonomy, epidemiology, ecological distribution etc of parasites of hilsa from Bangladesh waters have been reported by Alam et al. 2003 , Akther et al. 2004 , Bhuyian 2006 , Bhuiyan et al. 2007 & 2009 . No published information is available on seasonal or sex-wise distribution of parasites of T. ilisha of Bangladesh. Only Pal (1963) worked on seasonal fluctuation of parasites of T. ilisha of Hooghly river of India.
This study reports on the seasonal and sex-wise occurrence of the component helminth parasites of T. ilisha collected from different rivers of Bangladesh which were ecologically different.
MATERIAL AND METHODS
For the present investigation Tenualosa ilisha were collected from three different ecological habitats of Bangladesh waters like river (Chandpur 23°14.40N 90°40.73E, n=732 Aricha 23°46.10N 89°46.83E, n=624, Paksey 24°04.46N 98°02.15E, n=99 Sherpur24°37.65N 91°40.82E, n=110), estuaries (Patuakhali, 22°21.42N 90°21.10E, n=21) Barguna, 22°09.45N 90°07.61E n=177 Bhola, 22°43.10N 90°40.53E, n=154), Barishal 22°42.23N 90°22.49E n=127) and Sandwip 22°30.56N 91°42.78E, n=130)) and sea (Cox's Bazar 21°25.09N 91°59.97E, n=296 and Kuakata 21°48.97N 90°07.32E, n=197). The Global Positioning System (GPS) readings were recorded by Trimble Navigation (Ensign GPS). A total of 2667 (male -288 and female -2379) fish were collected from January 2005 to December 2007. Prevalence, intensity and abundance were calculated according to Margolis et al (1982) and component parasites as of Bush et al. (1990) .
Fresh fish were collected from the fishermen on the spot as they collected fish except for the Cox's Bazar sample. Frozen fish were collected from this site as the fishermen went out to the deep sea and come back after a week or more. The fish were dissected immediately to obtain the internal organs. The viscera of the fish were removed individually and put in 10% formalin in polyethylene bags with a label inside. Before they were dissected the weight, length and sex of each fish was recorded. The organs were then brought to the Parasitology laboratory, Department of Zoology, University of Dhaka, Dhaka, Bangladesh. Extensive search was made for helminth parasites infecting the fish. All the parasites from each organ were sorted, cleaned and counted. They were preserved in 70% alcohol. Berland's (1982) methods were used for staining and mounting. The trematode, cestode and acanthocephalan parasites were stained in acetic carmine for 2-3 hours depending on size of specimens. After staining, the worms were washed in 70% alcohol to which a few drops of glacial acetic acid were added. Then they were cleaned and temporarily mounted in lactophenol for measurements. Nematodes were cleaned and temporarily mounted in lactophenol for microscope study. A few viscera (5-10) were individually put in polyethylene bags and frozen in an icebox and brought to the laboratory from collection sites each time. Parasites obtained from such sample were used for aid in identification. Measurements were taken with the help of an ocular micrometer and a stage micrometer. For quick dehydration Berland (1982) was followed.
Seasons:
The groups of successive samplings of each 3 month periods were considered to constitute a season for the purpose of this analysis. However, as there was no gap separating the seasons, this division was used to group the samples broadly into units for temporal comparisons. The seasons were designated as:
Winter: November to January; Spring: February to April; Summer: May to July and Autumn: August to October.
RESULTS AND DISCUSSION
Fourteen species/genera of endohelminth parasites detected from hilsa were variations in the prevalence and mean intensity of the component parasites in the three habitats i. e., freshwater, brackish water and marine hilsa.
Faustula spp.: Prevalence of Faustula spp. in freshwater T. ilisha was higher in both summer (82.98%) and autumn (87.12%) than in winter and spring. In the brackish and marine hilsa the intensity was high throughout the year and did not fluctuate much over the seasons. It ranged from 88.41% to 100 % in brackish water and from 85% to 94.74 % in marine hilsa.
In freshwater and in brackish water T. ilisha highest mean intensity (47.03 ± 13.87) of the digenean found in T. ilisha was observed in spring. In the marine samples two distinct peaks were recorded in summer (49.11 ± 22.54) and autumn (42.48 ± 19.18) . It seems that seasonal mean intensity differed clearly between freshwater-brackish water and marine samples of T. ilisha. Intensity in freshwater and marine hilsa showed a completely opposite profile (Figs.1 & 2) .
A. stossichi: In freshwater, peak prevalence (96.84%) was recorded in winter and lowest (60.34%) in autumn. In spring and summer the findings were found almost equal (80.40% & 82.98% respectively). In brackish water bimodal peaks (100% & 93.62%) were observed in spring and in winter respectively but in the other seasons it was considerably lower (range 72.73% -100%). In marine T. ilisha prevalence peaked in winter and declined gradually as spring came (Figs.  1 & 2) . In all the three habitats the lowest mean intensity was observed in autumn. In freshwater and in brackish water it was higher in spring and winter than summer and autumn. In marine sample the highest intensity was found in winter (21.33 ± 7.28). The autumn season appeared to be the most favorite time of A. stossichi infection in hilsa in all the three habitats ( Figs. 1 & 2) .
L. indicus:
In freshwater T. ilisha prevalence of infection by L. indicus did not vary widely over seasons. It ranged from 39.7% to 53.72 %. In brackish water peak prevalence was observed in the winter, in the other seasons it was almost the same (54.55% -65.22%). In marine T. ilisha prevalence in winter and summer were considerably high. Only 2.5 % of the marine fish were found infected by this digenean in the spring (Figs. 1 & 2) . Both in freshwater and brackish water hilsa the highest mean intensity was occurred in the winter seasons. A second peak was observed in the spring in freshwater sample while in the brackish water sample no second peak was seen. Seasonal trend in terms of mean intensity in marine T. ilisha was totally different from that of the freshwater and brackish water samples. Peak intensity was observed in summer, with a second peak in winter. In the other two seasons it was low (1 -2) (Figs. 1 & 2) . G. bangladeshi: Prevalence of G. bangladeshi was comparatively higher in summer (64.98%) and in autumn (37.97%) in freshwater T. ilisha than in the winter and spring samples. In brackish water the highest prevalence (66.67%) was recorded in the spring. It declined gradually as the winter approached. In marine T. ilisha the prevalence of infection of this nematode was almost equal in most of the time of the year (spring, summer and autumn). However, it was very low (15.79%) in the winter sample (Figs. 1 & 2) . Mean intensity did not vary widely over seasons in freshwater T. ilisha (range 2.85 ± 1.09 -5.87 ± 1.89). In brackish water sample exceptionally higher mean intensity observed in spring sample. In rest of the seasons it was almost same. In marine T. ilisha mean intensity did not show any pattern, it was higher in spring and autumn than other two seasons (Figs. 1 & 2) . Acanthosentis spp.: A distinct peak of prevalence was observed in autumn (12.54%) sample and extremely low prevalence in winter (1.27%) in freshwater T. ilisha. In brackish water T. ilisha single peak (12.50%) was observed in the spring and in the other seasons it was found to be ranged from 1.6% to 5.8%. In marine T. ilisha no fish was found infected with Acanthosentis spp. in spring and winter collections of T. ilisha. In summer and autumn samples prevalence was almost equal (Figs. 1 & 2) . One fish collected during summer in freshwater sample had 354 individuals of A. indica, which was the highest intensity in that season. Except this outlier value (354) mean intensity did not vary widely over seasons. It ranged from 1.92 ± 1.11-2.57 ± 3.12. In brackish water and marine samples too mean intensity did vary only slightly and in these sites intensities were close to 1 throughout the year (Figs. 1 & 2) .
I. parthenogenetica:
Prevalence was comparatively higher in summer (18.61%) and autumn (16.61%) than other seasons in freshwater T. ilisha. Prevalence in brackish water sample did not vary widely. It ranged from 31.55% to 53.19 %. No I. parthenogenetica was found in spring and autumn in the marine sample. Prevalence of I. parthenogenetica was much higher in summer than winter in marine T. ilisha (Figs. 1 & 2) . Intensity in freshwater T. ilisha did not show any seasonal trend. It ranged between 2.17 ± 1.51 and 8.56 ± 2.34. In brackish water sample intensities were higher in autumn and winter than that of spring and summer. In marine T. ilisha mean intensity in summer was higher than that of winter like its corresponding prevalence (Figs. 1 & 2) . It can be concluded that each species of component parasite has shown its own pattern of distribution over the seasons and seasonal distribution of component parasites were differed between habitats of the hilsa.
Differences in seasonal parasite burden of all the parasites as a whole in the three habitats were observed. Table 1 showed the overall seasonal distribution of the parasites in the different habitats. In freshwater the spring and winter samples were not significantly different from each other. But in summer and autumn there was a significant difference among each other and between spring or winter. In brackish water, mean parasite burden in spring was significantly different from other seasons. In marine hilsa, the intensity of parasites in all seasons were different from each other ( Table 1) . It could be concluded on seasonal distribution of helminth parasites of hilsa that the component parasites of T. ilisha showed temporal variations but no clear patterns were observed in seasonal prevalence or intensity. Faustula spp. and A. stossichi showed peak prevalence in winter in all the three habitats, in the other seasons it varied in terms of habitat. Prevalence of L. indicus in marine hilsa varied widely over the seasons, in brackish water and freshwater it was almost similar. Prevalence of I. parthenogenetica was higher, round the year, in brackish water hilsa. Lowest prevalence of G. bangladeshi was observed in winter in all the three habitats. In other seasons it varied irregularly (Figs. 1 & 2) probably a sign of continuous recruitment.
Only Pal (1963) worked on seasonal fluctuation of parasites of T. ilisha prior to the present study. He found 100% infection of F. brevichrus in February, March and September and in other months more or less severe infection. Such high intensity was also recorded in the present study. He found plerocercoid larvae of I. parthenogenetica almost throughout the year with 100% infection in July, August and September. Higher prevalence was occurred in November and December and January to March. Results of present study are consistent with Pal's (1963) findings in the degree of prevalence of I. parthenogenetica. Higher prevalence (around 50%) was observed in brackish water hilsa, lower prevalence in freshwater (around 10%). Like Pal's findings prevalence did not vary widely over the seasons. But seasonal infection by Acanthosentis spp. did not agree with Pal's (1963) findings. He recorded Acanthosentis indica in a few months only while in present study it could be found throughout the year though the prevalence was low. These differences may be due to ecological differences in habitats. As with this study no seasonal pattern was observed by El-Darsh and Whitfield (1999) in Pomphorhynchus laevis (Acanthocephala) infecting flounders from the River Thames which they attributed to a continuous recruitment of the parasite. In T. ilisha, it may be that after intensive ingestion of the intermediate hosts of L. indicus, A. stossichi, I . parthenogenetica in winter and spring in brackish water, the parasite numbers are recorded as highest and most prevalent during these seasons. Occurrence of component parasites in male and female T. ilisha: In freshwater both prevalence and intensity of all component species but A. stossichi were higher in female hilsa. Prevalence and intensity of A. stossichi were higher in male fish. In brackish water hilsa both prevalence and intensity of infection by Faustula spp., L indicus and I. parthenogenetica were higher in female fish whereas those of A. stossichi, G. bangladeshi and Acanthosentis spp. were slightly higher in male fish. In marine hilsa prevalence and intensity of infection of all the component species were higher in female fish but the intensity of I. parthenogenetica was higher in male hilsa. It was evident from the results that female fishes are more vulnerable to infection irrespective of the habitats of the host fish, though the differences were little. One digenea, A. stossichi had an affinity for male hilsa of freshwater and brackish water samples. Mean parasite burden was significantly different between the sexes (F= 3.67, P<0.05).
Female T. ilisha are more vulnerable to infection in all the three habitats, except for A. stossichi, which had an affinity for male hilsa of freshwater and brackish water. This difference is likely to be attributed to differences in physiological resistance than to differences in the behavioral or ecological resistance of the two sexes. Feeding habit is a vital behavior which plays an important role in parasite acquisition. There are no significant differences in the quality of food eaten by the two sexes. Hilsa of both sexes feeds equally round the year except that for the females do not feed when they are spawning (Shafi et al., 1976) . So this non feeding spawning time should have a negative effect on parasite infection in female hilsa but the result is just opposite. It would be expected therefore that both sexes would stand an equal chance or male have a little more favorable feeding habit of being infected by the helminths. Thomas (1964) mentioned the following reasons why mature female are physiologically less resistant than males during and after spawning. First, the condition factor of the females tend to be less than that of the male after spawning which contribute relatively more reproductive materials, expend more energy during spawning and eat less food than the males at this time. Secondly, the state of stress induced by the aggressiveness of the male when spawning might lower the resistance of the female. However, the exact reason for the sex related difference in the prevalence of infection of endo helminths is unknown.
It could be concluded from the above results that each parasite species showed its own seasonal distribution pattern which is different in three different types of habitats. The female fish is more vulnerable to infection in all the three habitats.
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